In the face of dissatisfaction with the quality of public water supply, there is significant 'willingness-to-pay' for improved services. However, pressuring authorities for public sector investments in water quality services is not the only means at the disposal of households to bring about improvements in drinking water quality. On the one hand, households can invest in purification systems at the level of the individual household. On the other, they can consume bottled water for their drinking needs. Based on a survey of 10,000 households, this paper analyses the determinants of a household's decision to purchase bottled water or invest in a purification system. Negative perceptions of tap water quality (health and taste concerns) affect the decision to purchase bottled water and home purification, with much greater effect on bottled water consumption. The same is true of household income. Household size, the presence of children in the household and length of residence affects the decision to invest in purification, but not bottled water consumption. Concern about solid waste has a negative impact on bottled water consumption, and car ownership has a positive impact.
unit of consumption than tap water, even if filtered (see Olson, 1999; Ferrier, 2001; Doria, 2006) . Moreover, the evidence with respect to water quality and consequent health implications is ambiguous. In some cases, tap water quality may be better than bottled water (e.g. Lalumandier & Ayers, 2000; Raj, 2005; Copes et al., 2009) .
In addition, the purchase of bottled water has important social costs, including environmental implications. For instance, a recent study (Gleick & Cooley, 2009) found that the total energy required for bottled water will range from 5.6 to 10.2 MJ/1 (Megajoules per litre) while tap water requires 0.005 MJ/1 for an equal volume. Much of the energy requirement is attributable to the manufacture of PET (polyethylene terephthalate) bottles, although transport can also play a significant role. Nearly one quarter of all bottled water crosses national borders (Arnold & Larsen, 2006) . It has been estimated that 'the manufacture of one kilogram of PET (enough to make about 17 1.5-L bottles) entails the release into the air of 40 g of hydrocarbons, 25 g of sulfur oxides, 18 g of carbon monoxide, 20 g of nitrogen oxides, and 2.3 kg of carbon dioxide' (World Watch, 2004) . In addition to the impacts associated with the manufacture and logistics of the bottles, end-of-life impacts can be important. In the USA, approximately 86% of the plastic bottles used for water consumption is disposed of as solid waste. Bottles buried in landfills can take centuries to biodegrade, and incineration can produce toxic byproducts such as chlorine and heavy metal-bearing ash (Arnold & Larsen, 2006) .
The three options to improve the quality of drinking water (improved public treatment of the public water supply; home purification of tap water; and bottled water) are not perfect substitutes. Even if health risks associated with drinking water are equal (and are perceived to be equal by households) taste and odour may affect the choice between the three options. Above and beyond relative price, convenience of use is also clearly important, with reliance on bottled water resulting in significant time and space costs. As such, assessing the factors which encourage the adoption of private averting strategies is important for policy design.
Based on a survey of 10,000 households undertaken in 10 OECD countries in early 2008, this paper analyses the determinants of a household's decision to purchase bottled water or invest in a purification system for their drinking water needs. Perceptions of tap water quality (health and taste), as well as a number of economic, demographic and attitudinal characteristics are found to be significant determinants of the choices made.
The rest of this paper is structured as follows: Section 2 reviews the literature; Section 3 presents the data from the OECD survey; Section 4 presents the model and the results; Section 5 concludes.
Literature review
World bottled water consumption was 53,523 million gallons in 2009, with annual growth rates of 5.5% in recent years (Rodwan, 2010) . The largest market was the USA, followed by Mexico, China, Brazil, Italy, Indonesia and Germany. Wilk (2006) provides data on bottled water consumption. Per capita, the biggest consumers were Italy (48.1 gallons per capita), Mexico (41.5) and France (38.1). Other countries with high consumption include Germany (33.1) and the USA (22.6). The Czech Republic, which was included in the OECD survey, consumed 22.2 gallons per capita (Pacific Institute, 2007) .
One of the few studies to analyse the choice between drinking unfiltered tap water, filtered tap water and bottled water is Abrahams et al. (2000) drawing upon a sample of 232 households in Georgia, USA.
They estimated a multinomial logit model, with untreated tap water as the reference case. The explanatory variables included are: knowledge of whether there are local water problems, perceived risk of tap water, an index of water quality (taste, odour and appearance), a set of demographic variables and income. Significant determinants of bottled water consumption include the index of water quality, whether or not the respondent is white, and age (negative). Significant determinants of water filtration include knowledge of local water problems, perception of risk associated with tap water and income levels.
In a sample of over 4,500 respondents in 2000, Bontemps & Nauges (2008) estimated the choice between drinking bottled water and tap water using a two-stage model. Only 58% of households declared that they usually drank tap water. Of those who drank bottled water, 44.7% stated that taste was the main reason, 22.8% the hardness of tap water, 12.7% sanitary health risk and 9.9% the presence of toxic chemicals. Significant determinants of the choice to consume tap water include an index of water quality. The effect of this variable is less for those who are relatively wealthier or retired. Income has a positive effect on the choice to drink bottled water. Regional fixed effects are also significant, as is level of education.
Using a sample selection model, Yoo & Yang (2000) estimate bottled water expenditures in South Korea. Those who use a purifier were less likely to drink bottled water. Larger households were less likely to drink bottled water, but households with children were more likely to do so. Higher-income households and those who have lived longer in Seoul were more likely to drink bottled water.
On the basis of a telephone survey of approximately 2,000 residents of Metropolitan Quebec undertaken in 1995 (Levallois et al., 1999) , it was found that private treatment systems were rarely used (7% of respondents). While bottled water was frequently consumed (43%) it was rarely the sole source of drinking water. Taste and knowledge of the source of the water were significant determinants for using an alternative to untreated tap water. Surprisingly, perceived risk was important only in the case where the risk was seen as being 'major'. Education and age were not significant.
In two studies based on American samples, Jakus et al. (2009) and Zivin et al. (2011) focus on the effect of perceived risk of adverse health impacts from drinking tap water on bottled water consumption. In the first case, it was found that, in four communities with high levels of exposure to arsenic in their tap water or privately-owned wells, perceived risk had a positive effect on expenditures on bottled water. In the second study, data from grocery stores in northern California and Nevada were used to assess whether reported violations of the Safe Drinking Water Act affect bottled water consumption expenditures. They found an increase in bottled water sales of 22% from violations due to microorganisms and 17% from violations due to elements and chemicals.
Interestingly, to the authors' knowledge, there are no studies which assess the effect of charging for tap water on a volumetric basis on the decision to consume bottled drinking water. This may be due to the fact that most of the studies draw upon localised samples for which there will be little variation.
The data
The dataset used for the analysis contains information collected from over 10,000 households in 10 OECD countries (Australia, Canada, Czech Republic, France, Italy, Korea, Mexico, the Netherlands, Norway and Sweden). The survey instrument was designed by the OECD Secretariat, with the assistance of a research consortium in the countries involved. See OECD (2011) for a list of the research teams involved.
The draft questionnaire was pre-tested in Canada, Italy, Korea, Sweden and the United Kingdom in Spring 2007. The questionnaire was revised in the light of the lessons learned and the survey was implemented simultaneously by Lightspeed Research, using a web-based panel in all 10 countries, in January-February 2008. The survey questionnaire was composed of seven parts: two parts dealing with socio-demographic and attitudinal characteristics, and five parts relating to household behaviour in the five environmental areas of interest: waste generation and recycling, personal transport choices, residential energy use, organic food consumption and water use.
As with other survey methods, possible bias can exist when using internet panel-based surveys. This is an important issue to raise and we have given some thoughts to two broad caveats: a sample bias and a response bias. The sample bias has been addressed through the stratification of the sample (e.g. age, income, region). The sample is summarised in Table 1 .
Response bias could have been an issue if the OECD survey was related to information technologies or the use of the internet but, in our case, the topic researched is uncorrelated to the method of data collection. The risk of 'professionalism' of the respondents in the panel was addressed in the criteria used to select a service provider. The rules applied to manage the panel (such as the incentive mode used for the respondents, and the maximum number of surveys a panelist could respond to per year) were carefully examined.
The OECD survey elicited information on the degree of satisfaction with water quality. Of all survey respondents, 66% were satisfied with the quality of their tap water for drinking ( Figure 1 ). Of those who expressed dissatisfaction, health concerns were stated approximately twice as frequently as taste concerns. The percentage of respondents who stated that they were satisfied with the quality of their tap for drinking differed significantly by country. Respondents from the Netherlands, Sweden and Norway were almost all satisfied with water quality with 95, 92 and 90%, respectively, being satisfied. Respondents from Mexico, Korea and Italy were the least satisfied with 44, 70 and 79%, respectively, expressing dissatisfaction with water quality. In those countries in which the general level of satisfaction is greatest, taste is a greater concern than health for those who are dissatisfied. The opposite is true in countries in which the general level of satisfaction is low.
There are two means at the disposal of households to improve the quality of drinking water: either households can invest in purification systems at the level of the individual household, or they can consume bottled water for their drinking needs. Since these are private substitutes for public investments, assessing the factors which encourage the adoption of such private averting strategies is important for policy design.
Not surprisingly, countries reporting low levels of satisfaction with water (Mexico, Korea and Italy) have correspondingly high levels of bottled water consumption and water purification (Figure 2 ). Interestingly, purification is less common in these three countries than in many others. Overall, 19% of household are already equipped with, or have invested in, a water purifier in the last 10 years. Australia and Canada have the highest rates of ownership. Norway, the Netherlands and Sweden rely most heavily on 'unpurified' tap water.
Empirical model and results
The primary concern of this paper is an estimation of the determinants of bottled water consumption for drinking purposes. As such, in the first instance, a binary probit model was estimated in which all respondents who state that they primarily rely upon bottled water were given a value of one, with the rest being equal to zero 1 . However, since the decision to rely upon bottled water is related to a household's decision concerning whether or not to invest in home purification, a subsequent model was estimated in which the different options were assessed in a single model. In the binary model for the use of bottled water for drinking consumption relative to tap water (purified or not) a probit model was estimated, with fixed effects by country. Income (INCOME) was included in the model as the explanatory variable, and was hypothesised to have a positive sign. We do not have data on the cost of bottled water by household or the marginal cost of tap water. However, data were collected on whether or not households were charged for tap water on a marginal basis, and this was included in the model as a dummy variable (WTRCHRG). This allowed us to capture the effect of relative costs between alternative choices, albeit in a rather crude manner. Household size (HHSIZE) was included since the logistical costs of relying upon bottled water are likely to increase with the number of members of a household. Similarly, whether or not households lived in an urban setting (URBAN) was included. Car ownership (CAROWN) was included to reflect the time costs of purchasing bottled water. A number of demographic variables were also included. The gender of the respondent was included (MALE ¼ 1), for which we have no a priori expectations of the sign. In addition, a dummy variable was included to indicate whether or not there are any children of 5 years of age or under (UNDER5) in the household, in order to capture any additional risk aversion that may be associated with exposure of risks to children. Class variables were included to reflect the age of the respondent, with respondents older than 55 years (AGE . 55) as the reference.
Four other variables were included. Two relate to the stated degree of satisfaction with water quality. Respondents were requested to indicate if they were satisfied with the quality of their drinking water and, if not, whether taste (WTRTASTE) or health (WTRHEALTH) impacts were of most concern. These were hypothesised to have a positive impact on the likelihood of adopting averting behaviour. In addition, since the most visible and tangible aspects of bottled water consumption related to packaging waste, respondents were requested to indicate (by means of a rank) how important solid waste issues (WSTCNCRN) were to them relative to eight other environmental concerns. Finally, respondents were requested to indicate how trustworthy government agencies (TRSTGOVT) were with respect to environmental concerns relative to other sources of information (e.g. non-governmental organisations, researchers, consumer organisations). This variable was included in the model because we expected it to be correlated with consumers' trust in public water supply. Descriptive statistics for the different variables are provided in Table 2 .
The results of the probit model are presented in Table 3 . Not surprisingly, both concern about health risks and taste attributes of tap water have a positive impact on drinking bottled water. As expected, income has a positive and significant impact, with an elasticity of 0.17. Being subject to a marginal water charge has a positive influence on the probability of relying primarily upon bottled water. Car ownership has a positive effect. Ranking waste concerns highly has a negative effect on bottled water consumption. Similarly, ranking government sources of information as trustworthy has a negative impact. Household size, the presence of young children in the household, urban residence and gender are not significant at the 5% level. Finally, when it comes to socio-demographic characteristics, the class variables for age groups are also not statistically significant.
Not surprisingly, concerns about health impacts and taste of tap water are significant determinants of bottled water consumption. Interestingly, the results indicate that households which are charged for water are more likely to drink bottled water for usual drinking needs. This is consistent with economic theory (i.e. the opportunity cost of drinking bottled water is less for those who are charged for tap water) but, given the relative cost of tap and bottled water, the significance of the effect is surprising.
Other interesting results include the finding that car ownership has a significant effect on bottled water consumption, even when the effects of other related factors (e.g. income, location of residence, etc.) are controlled for. Given the inconvenience associated with purchasing bottled water, this is not surprising. Stated concern for solid waste has a negative effect on bottled water consumption: this result is robust, and very strong -second only in magnitude to health concerns associated with tap water. In addition, a low degree of trust in the information provided by governments has a negative and significant effect on bottled water consumption. In order to facilitate interpretation, the elasticities of the different explanatory variables were calculated based on the estimated coefficients presented in Table 3 . The results for some of the most policy-relevant variables are presented in Figure 3 . In the case of the continuous variables, the results are intuitive, i.e. a 1% increase in reported income increases the probabibility of primarily consuming bottled water for drinking water purposes by over 0.15%. In the case of the binary variables, the figures represented in Figure 3 are the percentage increase arising from a discrete change. For instance, the effect of owning a car increases the likelihood of consuming bottled water by just over 10%. The effect of volumetric charging for tap water is surprisingly large, increasing the probability by approximately 15%.
Since the decision as to whether or not a household purchases bottled water or installs a water filter may be related, a multinomial logit model was estimated (Table 4) . In this case, the years of residence was added as a set of class variables, since this may affect the likelihood of having home purification in place. The reference class used was those who have lived at their present residence for less than 2 years. Unpurified tap water was taken as the reference case (i.e. the parameters were set to zero), and bottled water, purified water and both were the three alternatives ( j). The probabilities for the three alternatives take the standard form:
While the reference takes the form:
where for the ith individual, y i is the observed outcome and X i is a vector of explanatory variables. The results differ according to the different strategies. For instance, it is interesting (and intuitive) that car ownership has a positive effect on bottled water consumption but not purification. In addition, concern about waste issues has an effect on bottled water consumption but not on purification. Conversely, and as expected, household size has a positive effect (at the 10% level) on home purification but not on bottled water consumption. Length of residence (up to 15 years) has a positive effect on investment in home purification. Low level of trust in the information provided by governments has a positive effect on home purification but not on bottled water consumption. There is no obvious interpretation for the finding that the urban dummy has a significant effect on bottled water consumption but not on home purification. It is interesting that the effect of water charging on the two strategies is no longer significant, but is present when both strategies are adopted. Finally, the relative magnitudes of the expressed concern for the taste and health risks of tap water are consistent with a priori expectations.
Conclusion
Based on a survey of 10,000 households undertaken in 10 OECD countries in early 2008, this paper has provided results of the analysis of the determinants of household decisions to purchase bottled water or invest in a purification system for their drinking water needs. Most of the results are consistent with expectations and previous results in the literature.
For example, negative perceptions of tap water quality (health and taste concerns) affect the decision to purchase bottled water and home purification, although the effect on bottled water consumption is much greater. On the basis of the results, it is not possible to say whether one or the other factor is relatively more important in the choice between purification and bottled water consumption. Household income also has positive and significant impacts on investment in water purification and bottled water consumption; its effect on the latter choice is much greater. In addition, household size affects the choice to invest in purification but not on bottled water consumption. This is consistent with the existence of household-level economies of scale related to one decision and not to the other. Similarly, length of residence affects the decision to invest in purification but not bottled water consumption. This is consistent with the positive consequences of there being a certain period of time over which the investment would be amortised. The presence of children in a household affects the decision to invest in water purification but not in bottled water.
Charging for tap water has a positive and almost significant (at the 5% level) effect on bottled water consumption. Given the relative costs of tap water and bottled water, this effect is likely to be more closely related to a more general 'signalling' effect of water charges, rather than on actual expenditures. Moreover, this effect is not apparent in the multinomial logit model. Reported trust of information on environmental issues provided by governments does not have an impact on bottled water consumption, and the effect on home purification is counter-intuitive. Car ownership has a positive impact on bottled water consumption.
In general the results indicate that issues such as taste and health affect the decision to invest in both purification and bottled water. However, income is an important factor in both cases. In the decision as to which of the two strategies to adopt, it is structural factors which drive the decision, including economies of scale (household size), length of residence, the presence of volumetric charging for tap water and car ownership. Interestingly, concern about an ancillary cost of bottled water consumption (solid waste) also affects the decision.
